This paper will present a handling qualities analysis of the aircraft on which 3-axis control was first implemented and tested in hundreds of glides during late October 1902. Results will be taken from a research project underway at the University of Liverpool where the technical achievements of the Wright Brothers in the period [1900][1901][1902][1903][1904][1905] (Fig 1) was to remain a fundamental part of the Wright aircraft designs for year to come. Critical to the Wright Brothers' success in 1902 was their approach to solving the problems they had experienced with their 1901 glider. They embarked on a design review and conducted a series of wind tunnel experiments which were to equip them with data and knowledge on applied aerodynamics significantly in advance of the 'state-of-the-art.
The paper will present the handling qualities analysis within the following themes: Figure. Although the drag increased significantly, there was very little loss of lift at high incidence on the thin wings of the early Wright aircraft. Strong nonlinearities are clearly present, particularly at high incidence and at maximum canard settings, but the basic pitch instability caused by the positive slope of dC m /dα at zero canard can clearly be seen. At incidences above 10deg the slope of the pitching moment curve is seen to reverse, indicating a reversal of the movement of centre of pressure with incidence. With the relatively high camber of the wing sections used by the Wrights, they were continually plagued by strong movements of the centre of pressure, but at high alpha the reversal came as a relief as it resulted in a stable pitch motion, leading to a safe stall characterised by a flat descent at very low speed. Modelling and Closed-Loop HQ Analysis: The paper will describe how the aerodynamic data has been assembled together with structural, inertial and control system components into a FLIGHTLAB simulation and how this has been used to conduct a detailed handling qualities analysis of the aircraft. Figure 4 shows root loci for the longitudinal characteristics with a simple pure gain pilot controlling pitch angle. The open loop divergence is suppressed but at the expense of reducing stability in the 'new' short period mode. This weakly damped oscillation was to feature in many of the Wright flight tests for years to come.
Fig 4 Closed-loop analysis of the Pitch Dynamics of the 1902 Glider
4. Lateral-Directional Control and Stability; Similar results will be presented for the lateral-directional dynamics. Here the Wrights also opted for an unstable configuration to enhance the manoeuvrability. 6. Centenary Celebration; It can be argued that the Wright Brothers work defined them as the first aeronautical engineers and first test pilots. The Liverpool project is an celebration of their excellence, interpreted within the framework of modern handling qualities systems engineering.
